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ABSTRACT 
 
 Over the past several decades, significant changes have been made to the methods 
of teaching medical histology. One of the most significant modifications is the 
implementation of virtual microscopy in replacement of conventional light microscopes 
and glass slides. This innovative method for viewing histological samples allows students 
to use their computers as virtual microscopes and gives them access to hundreds of 
relevant digital histology slides through an online database. This modification increases 
efficiency and gives students more time to explore clinically relevant topics. One 
challenge students face in a typical histology curriculum is developing a connection 
between the microscopic histological samples in which they are studying and their 
macroscale anatomical counterparts. In gastrointestinal histology in particular, the ability 
to bridge this gap is imperative for generating an all-encompassing understanding of this 
complex system. On endoscopy, the specialized mucosal surfaces of the organs of the 
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gastrointestinal system can be thoroughly investigated. By combining high-definition 
endoscopic footage of the normal gastrointestinal system with histological samples, the 
bridge between microanatomy and macroanatomy can be established. This study 
investigates the implementation of a comprehensive overview of the structure and 
function of the gastrointestinal system using high-definition endoscopic videos and 
histologic samples in a graduate and medical histology curriculum. Student performance 
is analyzed by comparing test question performance between students who watched the 
video and students who did not. After a complete review of the student performance data 
and student feedback, it is evident that this multidimensional overview assisted students 
in developing a comprehensive understanding of gastrointestinal histology.  
 vi 
TABLE OF CONTENTS 
 
Title           i 
Reader’s Approval Page        ii   
Acknowledgements         iii 
Abstract          iv 
Table of Contents         vi 
List of Tables          viii 
List of Figures          ix 
List of Abbreviations          x 
Part 1: 
Introduction          1 
Methods          5 
Results          9 
 GI Movie Script        9 
 Student Performance Analysis      23 
Discussion           35 
Part 2: 
Abstract          39  
Introduction          40 
Review of Imaging Technologies       44 
 Optical Coherence Tomography      44 
 vii 
 Narrow Band Imaging       48 
 Confocal Laser Endomicroscopy      52  
Discussion          59 
References          61 
Vita            63 
 viii 
LIST OF TABLES 
 
 
Table Title Page 
1 COT Final Written Exam Performance 23 
2 COT Final Written Exam Adjusted Means 24 
3 COT Final Written Exam Two-Independent Test 26 
4 COT Final Practical Exam Performance 27 
5 COT Final Practical Exam Two Independent Test   29 
6 COT Final Practical Answers 30 
7 Student Survey Responses 30 
   
   
   
   
   
 
 ix 
LIST OF FIGURES 
 
 
Figure Title Page 
1 Written GI Question Averages 24 
2 Adjusted Written GI Question Means 25 
3 Practical GI Question Averages 28 
4 Adjusted Practical GI Question Means 28 
5 Normal Esophageal and Colonic Mucosa in OCT 46 
6 Barrett’s Esophagus in OCT and H&E 46 
7 Barrett’s Associated Adenocarcinoma 47 
8 OCT Images of Normal Human Colon 47 
9 Barrett’s Esophagus Imaged in White Light and NBI 50 
10 Barrett’s Esophagus Imaged in White Light, NBI, and NBI with 
Magnification 
50 
11 Use of NBI to Distinguish Between Non-neoplastic and 
Neoplastic Colorectal Lesions 
51 
12 The Confocal Endoscope 56 
13 Normal Esophagus in CLE 56 
14 Barrett’s Esophagus Imaged with CLE 57 
15 Normal Colonic Mucosa Imaged with CLE 57 
16 Adenoma with High-grade Intraepithelial Dysplasia 58 
 x 
 
ABBREVIATIONS  
 
ARS  Audience Response System 
BE  Barrett’s Esophagus 
CLE  Confocal Laser Endomicroscopy 
COT  Cellular Organization of Tissues 
GI  Gastrointestinal 
H&E  Hematoxylin and Eosin 
HCl  Hydrochloric Acid 
NBI  Narrow Band Imaging 
OCT  Optical Coherence Tomography 
  
 1 
PART I: TEACHING GASTROINTESTINAL HISTOLOGY 
INTRODUCTION 
Medical histology is a crucial basic science course in medical school curricula. 
During the 20
th
 century, significant modifications to teaching histology have been made 
to reflect the many advances in histological techniques and tissue preparations. The 
introduction of electron microscopy allows for the investigation of subcellular structures 
while innovative staining and preparation techniques increases selectivity for cells or 
subcellular components. In immunohistochemistry, specific components of cells can be 
imaged using antibodies that specifically bind to proteins, carbohydrates, and lipids. 
These antibodies can be fluorescently tagged or conjugated to an enzyme that catalyzes a 
color-producing reaction. Each of these innovations in histological imaging allows for a 
more precise investigation of the tissue in question. Histology curricula incorporate these 
advanced techniques in order to provide students with a more thorough review of cellular 
structure and function.  
The implementation of virtual microscopy is one of the most significant 
modifications made to histology curricula in the past decade. Virtual microscopy is a 
digital procedure providing a realistic alternative to using a light microscope to examine 
glass slides
1
. Using a specialized scanner, histological samples can be digitized and filed 
as virtual sections with sufficiently high resolution such that all relevant magnifications 
can be visualized with a computer
1
. Traditional glass slides are digitized, compressed, 
and stored on disks or the Web, producing a digital atlas of histological samples. Special 
programs allow students to access this database and to use their computers as virtual 
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microscopes with full magnification and focus functions. The implementation of this 
virtual database allows students to transition away from the time consuming and resource 
limiting curricula that rely on the use of conventional light microscopes
2
. Online 
databases also give students easy access to a larger library of histological samples. The 
use of virtual slides and virtual microscopes have been integrated successfully into many 
medical histology curriculums including the University of Iowa, the University of 
Minnesota School of Medicine at Duluth and University of South Carolina Medical 
School
3
. Boston University School of Medicine is among the many institutions that has 
made this transition and uses a digital database to provide students with digital versions 
of histology slides.  
One challenge that students often face while learning medical histology is 
establishing a connection between the microscopic organization of tissues and their 
macroscale anatomical counterparts. In teaching gastrointestinal histology, especially, it 
is imperative that students bridge the gap between the microscopic and macroscopic 
anatomy in order to develop an all-encompassing understanding of this system. Since 
much of the focus in gastrointestinal histology is on the specializations of the mucosal 
surfaces, it is important that students explore the appearance of these surfaces from a 
macroscale perspective. In general, few students have had this opportunity to explore the 
interior surfaces gastrointestinal organs.  
The gastrointestinal system is unique in that its basic structure allows for in depth 
investigation of its interior surfaces using an endoscope. An endoscope is a flexible fiber 
optic cable that consists of a light delivery system, a lens, a charge-coupled device 
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(CCD), and an additional channel that allows for the passage of biopsy forceps and other 
various medical devices. The endoscope allows physicians to examine the interior of 
hollow organs or body cavities and is an ideal instrument for exploring the GI system.  
Common procedures that utilize an endoscope for examining the gastrointestinal 
system include upper endoscopies and colonoscopies. An upper endoscopy is a procedure 
that allows a physician to directly examine the esophagus, stomach, and duodenum. A 
colonoscopy is an examination of the rectum, colon, cecum, and distal portion of the 
small bowel. Each of these basic procedures utilize a specialized endoscope and allow 
physicians to examine the interior surface of the specific organ to provide visual 
diagnosis or the opportunity to biopsy areas of suspected pathology. During the 
procedure, high-definition video footage is fed from the endoscope to a television screen. 
The physician uses this footage to monitor the progression of the endoscope and directly 
examine the interior lining of the organ in question. If abnormal tissue is detected on the 
mucosal surface of the organ, the endoscopist can use forceps to obtain a biopsy for 
further histological investigation.  
This study investigates the implementation of a comprehensive overview of the 
structure and function of the gastrointestinal system using high-definition endoscopic 
footage and detailed histological samples in a histology curriculum. The efficacy of the 
video will be determined by comparing test question performance between students who 
watched the video and students who did not. Student performance data will be obtained 
from the 2011 Cellular Organization of Tissues course, in which students did not watch 
the video, and the 2012 COT course, in which students were required to watch the video. 
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Student performance, on questions relevant to the GI system on the final written exam 
and the final practical exam, will be compared between these two groups in order to 
determine the effectiveness of this educational video. At the end of the semester, the 2012 
COT group were asked to provide written feedback on the GI video and to comment on 
how this video helped them understand the GI system. After a complete review of the 
student performance data and student feedback, it is evident that this multidimensional 
overview assists students in developing a full understanding of gastrointestinal histology.  
The incorporation of endoscopy in a histology curriculum introduces students to 
the appearance of normal tissue morphology in the gastrointestinal system. Supplemental 
footage from endoscopies provides students with an opportunity to understand cellular 
and anatomical organization as it exists in vivo, which cannot be so precisely depicted by 
text and slides alone. A strong knowledge of the appearance of normal GI associated 
tissues in vivo is imperative for identifying lesions and is the basis for detecting disease.  
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METHODS 
In order to create the complete overview of the gastrointestinal system, video data 
needed to be collected. Raw endoscopic video footage was collected at Massachusetts 
General Hospital Department of Gastroenterology. Prior to each procedure, patients were 
told about the study and were asked if they would allow the use of the footage for the 
creation of this educational video. Upon patient approval, the procedure proceeded as 
normal and video data was collected. A BELKIN
Inc
 9-4 pin Firewire cable was used to 
connect a Macbook Pro laptop to the endoscopic processor, which provided a direct video 
feed of raw endoscopic footage. Complete collection of video data included four upper 
endoscopic procedures and eight colonoscopy procedures. Since this video looked to 
explore the appearance of normal GI morphology and since most of these procedures 
were of healthy individuals, a more extensive video database was not necessary for the 
completion of the first part of this project.  
After collection of footage of normal GI morphology was complete, video 
samples of basic pathologies were collected. The specific pathologies chosen to be 
included in the video were chose because of their relevance in understanding the normal 
histology of the GI system. Barrett’s esophagus demonstrated classic epithelial 
metaplasia and gastric ulcers demonstrate the appearance of disrupted gastric epithelium. 
Endoscopic footage of the appearance of these pathologies in vivo supplemented 
histological slides of each of these diseases, which were already included in the histology 
lab curriculum. In addition, gastric antral vascular ectasia was included to provide visuals 
to another disruption to the gastric epithelium and to highlight the versatility of the 
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endoscope as a therapeutic instrument with the use of an argon plasma coagulation unit. 
Lastly, a colon polyp and removal procedure was included. Screening colonoscopy is the 
widely accepted gold standard for early diagnosis of colorectal cancer and there is direct 
evidence that colon polyp removal reduces mortality related to colorectal cancer
4
. The 
removal of colon polyps during colonoscopies has had a dramatic effect on decreasing 
colorectal cancers deaths in the United States in the past few decades and was included in 
the video because of its clinical significance. In addition, biopsies of the specific polyps 
removed during the procedures were taken and the pathological sample of the tissue was 
examined and also included in the video to provide another comparison to normal colon 
histology.  
After completion of video data collection, iMovie was used to splice and edit 
footage to create a linear investigation of the alimentary canal. The progression of the 
video begins in the oral cavity and continues to the proximal portion of the alimentary 
canal. The first section of the video includes endoscopic footage of the normal 
morphology of the esophagus, stomach, duodenum, and jejunum through upper 
endoscopy. Histological samples and Netter plate anatomical illustrations of each organ 
were paired with the endoscopic footage. Due to the limitations of endoscopic range, 
upper endoscopies end in the jejunum of the small intestine. Colonoscopies provide 
retrograde examinations of the ileum, cecum, large intestine, and rectum. In contrast to 
upper endoscopies, the scope faces opposite the direction of advancement as it is pulled 
backwards from the ileum, to the cecum, and through the rest of the large intestine. To 
supplement the high-definition video footage, voice-over narration was used to provide 
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detailed explanations of the procedure and of information relevant to the histology 
curriculum. The full script of voice narrations can be found in the results section.  
After completion, the video was finalized, compressed, and uploaded to YouTube 
to provide easy access for students. For the Cellular Organization of Tissues course in the 
fall of 2012, students were required to view this video on November 12
th
, 2012 prior to 
completing the GI lab. To assess the efficacy of this video, student performance on test 
questions relevant to the GI system was analyzed using a “two independent test 
difference in means” test. Test question performance was compared between the 2011 
and 2012 COT course. The 2011 COT curriculum did not include the video while the 
2012 curriculum required students to watch it before completing the lab. For the 2011 
written test, there were eight GI related questions (7, 10, 33, 35, 38, 46, 48, 55). The 2012 
written exam had six GI related questions (10, 33, 35, 38, 46, and 48). Five final exam 
written questions and two final exam practical questions were consistent between the two 
exams. It should be noted that question 48 on each exam were different GI questions. The 
questions that were consistent between the two groups are as follows: 
2011/2012 GI-Related Final Exam Written Questions 
10. Gastroesophageal reflux is the regurgitation of the contents of the stomach into the esophagus. A 
normal protective mechanism in the esophagus against damage to the epithelium from the acidic contents 
includes 
 
a. goblet cells 
b. surface mucous cells 
c. esophageal cardiac glands 
d. stratified squamous para-keratinized epithelium 
e. invaginations of the simple columnar epithelium forming pits 
 
33. An example of the secretory function of the enterocyte of the small intestine is: 
a. release of pepsinogen. 
b. release of intrinsic factor. 
c. secretion of water into the lumen. 
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d. production and secretion of lysozyme. 
e. secretion of a protective mucous blanket. 
 
35. You are given a slide labeled “large intestine” and your task is to determine the specific region(s) as 
best you can. You note the surface epithelium has both absorptive cells and goblet cells that are readily 
recognizable. You also notice that the outer longitudinal layer of the muscularis externa is organized into 
three longitudinal bands. With this information, you can confidently identify the region(s) as the: 
 
a. colon. 
b. rectum.  
c. anal canal. 
d. either colon or rectum. 
e. either colon or appendix. 
 
38. Certain pathogens, such as salmonella, take advantage of the bodyʼs normal architecture in order to gain 
access to connective tissue spaces. Salmonella typhimurium bacteria can be demonstrated to follow an 
intraepithelial path through a minority epithelial cell type that is specialized for transcytotic transport, has 
an altered basement membrane, and is especially prevalent in the ileum. Which cell type is being 
described? 
 
a. M-cell 
b. goblet cell 
c. enterocyte 
d. Langerhans cell 
e. enteroendocrine cell 
 
46. A gastrocolic fistula is a rare condition that arises when a gastric ulcer perforates the stomach, and 
subsequently perforates the anatomically adjacent transverse colon. Your chief attending has assigned you 
the task of deriving staging criteria for patients with developing gastrocolic fistulae. Which of the following 
is a correct progression of tissue layers that the ulcer *must* perforate? 
 
a. gastric serosa ... gastric submucosa ... colonic serosa ... colonic mucosa 
b. gastric submucosa ... colonic submucosa ... colonic muscularis mucosae 
c. gastric epithelium ... colonic muscularis mucosa ... colonic inner circular layer 
d. gastric lamina propria ... gastric submucosa ... colonic lamina propria ... colonic  
submucosa 
e. gastric longitudinal layer of muscularis externa... gastric oblique layer of muscularis externa ... colonic 
epithelium 
 
2011/2012 GI-Related Final Exam Practical Questions 
6. Name the multicellular structures specifically enclosed within the outline. 
Gastric Pits 
 
19. Identify the organ whose lumen is marked with the circle. 
The Duodenum 
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RESULTS 
GI Movie Script 
Introduction 
This movie presents an investigation of the structure and function of the 
gastrointestinal system using endoscopic videos and histological samples. The distinct 
structures of the esophagus, stomach, small intestine, and large intestine will be 
investigated at the anatomical and cellular level, providing a comprehensive overview of 
this complex system. The alimentary canal is a continuous tube of varying diameter that 
extends from the proximal part of the esophagus to the distal part of the anal canal. At the 
cellular level, each functionally distinct section of this tube contains a mucosa, 
submucosa, muscularis externa, and a serosa or adventitial layer and variations in each of 
these layers contributes to the organ’s function.  
The following video is an upper endoscopy showing the spectrum of the normal 
anatomical findings of the upper alimentary canal.  
 
Esophagus  
 The esophagus is a fixed muscular tube that delivers food and liquid from the 
pharynx to the stomach. Over most of its length, the esophagus is adventitial to other 
structures, as it lies posterior to the trachea and anterior to the spinal column. As the 
esophagus passes through the diaphragm and into the peritoneal cavity, it obtains a 
serosa, which consists of a layer of simple squamous epithelium called mesothelium and 
a small amount of underlying connective tissue.  
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As the procedure begins, the tongue is shown in the upper portion of the screen 
and the endoscope is passed through the oral cavity. As the scope passes the epiglottis, it 
approaches the dividing point between the trachea and esophagus. Here, a clear view of 
the trachea, vocal chords and upper esophageal sphincter can be seen. The upper 
esophageal sphincter consists of skeletal muscle and is controlled by the swallowing 
center located in the brainstem through the vagus nerve. This sphincter opens during a 
swallow allowing the bolus of food to enter the esophagus. The scope passes through the 
upper esophageal sphincter and into the upper esophagus, showing a clear view of its 
morphology. Histological section of the esophagus shows its distinct layers. Under low 
magnification, the mucosa, submucosa, and the two layers of the muscularis externa can 
be distinguished. Between these two layers is a thin connective tissue layer within which 
lies the Auerbach’s plexus. The muscularis externa is unique in that there is a gradual 
transition from primarily skeletal muscle in the upper esophagus to smooth muscle in the 
lower esophagus. Histological section of the muscularis externa of the middle region 
shows the interwoven smooth and skeletal muscle fibers. A closer look at the esophageal 
mucosa shows a stratified squamous non-keratinized epithelium. The lamina propria 
contains cardiac glands in the distal esophagus. The muscularis mucosae varies in 
thickness down the length of the esophagus and is composed of a single layer of 
longitudinal smooth muscle. Esophageal glands proper are located in the submucosa 
throughout the length of the esophagus. Their function is to secrete a mucus solution, 
which can be seen as the white, foamy substance, that lubricates the walls of the 
esophagus. As the scope passes down the length of the esophagus, the lower esophageal 
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sphincter can be seen. The epithelial transition from the smooth stratified squamous 
epithelium of the esophagus to the simple columnar epithelium of the cardiac stomach 
can be seen. Histological section of this junction shows this distinct transition. Also note 
the esophageal cardiac glands located in the lamina propria which function to secrete a 
mucus solution that protects the esophageal mucosa from the acidic contents of the 
stomach. Here is a closer look at this transition. 
 
Stomach 
After passing through the lower esophageal sphincter, a clear view of the gastric 
morphology can be seen. Upon gross observation, a thin film of mucus covers the gastric 
mucosa to protect the underlying tissue from the high hydrochloric acid content. Gastric 
folds called rugae are also seen which disappear upon distension of the stomach. 
Anatomically, the stomach is divided into four regions: the cardiac, the fundus, the body, 
and the pylorus. However, histologically, the stomach is divided into the cardiac, fundic, 
and pyloric regions based on the type of glands seen in the gastric mucosa. Histological 
section of the fundic region shows its distinct layers. The gastric mucosa, which will be 
investigated in more depth shortly, consists of a simple columnar epithelium composed 
primarily of surface mucus cells. The submucosa is composed of dense irregular 
connective tissue and the muscularis externa is composed of three layers of smooth 
muscle: an incomplete inner oblique layer, a thick middle circular layer, and an outer 
longitudinal layer.  
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As stated before, the gastric mucosa consists of a simple columnar epithelium. 
Invaginations of this epithelium are known as gastric pits. The lamina propria is made of 
loose connective tissue and houses the gastric glands while the muscularis mucosae is 
composed of a poorly defined inner circular layer and an outer longitudinal layer. The 
cardiac and pyloric regions contain primarily gastric pits that consist of surface mucus 
cells. The most prominent glands in the gastric mucosa are the fundic glands, or the 
gastric glands, shown here. These simple branched tubular glands in the lamina propria 
consist of an isthmus, which connects the gastric pit to the gland, however; it is often 
difficult to distinguish on H&E preparations. The gland itself consists of the neck and 
fundus region. The isthmus is the site of the regenerative cells that replace all the 
epithelial cells of the gland, gastric pit, and luminal surface. At the base of the gland, the 
basophilic chief cell is apparent and is responsible for secreting pepsinogen, a precursor 
to the enzyme pepsin. The eosinophilic parietal cell is also apparent and can be seen 
throughout the length of the gland. This cell is responsible for secreting hydrochloric acid 
and gastric intrinsic factor, which is required for vitamin B12 absorption in the ileum. As 
shown here, the gastric pits are line primarily by surface mucus cells. Mucus cells below 
the isthmus and in the neck region of the gland are called mucus neck cells. Diffuse 
neuroendocrine system cells are also in the neck region of the cell but are difficult to 
distinguish. This illustration summarizes the two main types of glands seen in the gastric 
mucosa. On the left are the glands of the cardiac and pyloric region whose primary 
function is mucus secretion. The glands on the right, show the fundic glands which are 
the most prominent glands in the stomach. 
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As the scope progresses towards the pyloric region of the stomach, slow 
peristaltic contractions can be seen. These contractions function to churn gastric contents 
in preparation for entrance into the duodenum. The gastroenterologist now turns the 
scope around for a retroflexed view of the cardiac and fundic stomach, an important 
routine procedure used to check for gastric ulcers or other pathologic disruptions to the 
gastric epithelium. During this peristaltic contraction of the pyloric region, the gastric pits 
can be distinguished. This known as the pit pattern, which will also be seen in the colon. 
Here is a clear view of the pyloric sphincter, the entrance into the duodenum. Here the 
muscularis externa transitions back to its typical bi-layered structure. The sphincter itself 
is an anatomical thickening of the inner circular layer and is the dividing point between 
the stomach and small intestine. 
 
Small Intestine (Duodenum and Jejunum) 
The small intestine is approximately 7 m. long and consists of three regions: the 
duodenum, the jejunum, and the ileum. The duodenum is the most proximal portion and 
is about 25 cm. long. The jejunum is about two and a half meters long and constitutes the 
upper 2/5s of the small intestine. The ileum is approximately 3.5 m. long and ends at the 
ileocecal junction, or the entrance into the large intestine. There are three specialized 
modifications that work to increase the surface area the small intestine. These include: 
villi, microvilli, and plicae circulares. Intestinal villi are fingerlike projections that extend 
about a millimeter from the mucosal surface into the lumen. The villous structure of the 
intestinal mucosa contributes to the velvety appearance seen at this magnification. Plicae 
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circulares, also known as valves of Kerchring are permanent, circular folds that contain a 
core of submucosa and can be seen here. They are most numerous in the distal part of the 
duodenum and the beginning of the jejunum and begin to disappear in the ileum. On the 
surface of villi are microvilli, which provide the major amplification of the luminal 
surface and make up the striated boarder. These modifications collectively increase the 
surface area of the small intestine mucosa by a factor of four to six hundred.  
As the scope is pulled back through the pyloric sphincter, a contrast can be made 
between the gastric and intestinal epithelium. Upon histological section of this junction, 
the distinct layers and cellular organization can be investigated in more depth. At low 
magnification, the mucosa, submucosa, and muscularis externa can be distinguished. The 
muscularis externa consists of an outer longitudinal layer and a thickened inner circular 
layer, which makes up the pyloric sphincter. Gut associated lymphoid tissue is also seen 
at this transition. Brunner’s glands are also apparent which are structures unique to the 
duodenum. A closer look at the epithelial junction shows a distinct transition from the 
presence of surface mucus cells in the gastric epithelium to a predominance of goblet 
cells and enterocytes in the intestinal epithelium. Also, notice the transition from the 
presence of gastric pits to presence of villi and intestinal glands.  
As the scope reenters the duodenum, another clear look at the villous structure of 
the intestinal mucosa can be seen. Histological section of the duodenum shows its distinct 
organization. At low magnification, the layers can be easily distinguished. Between the 
two muscular layers lies the myenteric nerve plexus, otherwise known as Auerbach’s 
plexus. The submucosa consists of a dense irregular connective tissue with blood and 
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lymph vessels along with Meissner’s plexus. Brunner’s glands, which are only seen in the 
duodenum, secrete a bicarbonate rich solution with a high pH that neutralizes the acidic 
chime as it enters the duodenum. These secretions also bring the intestinal contents to the 
optimal pH for pancreatic enzymes. A closer look at the intestinal mucosa shows 
individual fingerlike villi, shown here. The core of these villi consists of lamina propria, 
which contains cells of the immune system, fenestrated capillaries, and blind-ending 
lymphatic capillaries called the central lacteal. These lymphatic vessels are responsible 
for transporting dietary fats in the form of chylomicrons. The two main cell types here are 
the mucus producing goblet cell and the enterocyte. Goblet cells are interspersed between 
the absorptive cells and increase in number down the length of the intestine. The 
enterocytes are tall, simple columnar, absorptive cells, with a basally located nucleus. An 
electron micrograph of the enterocyte shows the microvilli on the apical surface of the 
cell that makes up the striated boarded and houses the glycocalyx. The goblet cell is also 
shown here.  
Openings between the bases of the villi lead into intestinal glands known as crypts 
of Leiberkuhn. These crypts are simple tubular structures composed of simple columnar 
epithelium that is continuous with the epithelium of the villi. The Brunner’s glands of the 
duodenum also empty into these crypts. At the base of the intestinal glands, are paneth 
cells. These cells contain intensely eosinophilic apical granules. These granules contain 
lysozyme, which digests the cell wall of certain bacteria. Other cells of small intestine 
include enteroendocrine cells, intermediate cells, and M-cells. Enteroendocrine cells are 
concentrated at the lower portion of the gland and release hormones, including CCK to 
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the basally located blood vessels. Intermediate cells are found at the bottom third of the 
intestinal glands are serve as the precursor cells to the epithelial cells of the intestinal 
mucosa. Lastly, the M-cell is an epithelial cell containing microfolds and basal membrane 
invaginations that form pits with lymphocytes and antigen producing cells. Here is one of 
the few spots where there is a discontinuous basement membrane. The function of the M-
cell is to transport antigens to underlying cells that can amount an immune response. 
These cells are typically found over the Peyer’s Patches in the ileum.  
At this point in the upper endoscopy, the scope is located in the jejunum. Though 
there is no distinct epithelial transition from the duodenum to the jejunum, the location of 
the scope can be inferred by the high number of plicae circulares. A quick look at a 
transverse section of the jejunum shows the same basic organization: including the 
mucosa, submucosa, and muscularis externa. Notice the absence of Brunner’s glands in 
the submucosa and the lacks of Peyer’s patches which will be seen in the ileum shortly. A 
closer look at the epithelium shows a slight relative increase in the number of goblet cells 
in comparison to the duodenum.  
The majority of the small intestine contains a serosa that is continuous with both 
the mesentery and the lining of the abdominal cavity. However, a portion of the 
duodenum is attached the abdominal wall by adventitia. The layers of smooth muscle 
contribute to two type of muscle contraction in the intestine: segmentation and peristalsis. 
Peristaltic contractions involve coordinated action of both the circular and longitudinal 
muscle layers and move intestinal contents distally. 
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Small Intestine (Jejunum and Ileum) and Large Intestine 
The following video is a retrograde endoscopy of the distal portion of the small 
bowel and of the colon. In contrast the to previous video, the scope will be facing 
opposite the direction of advancement, providing a linear investigation of the lower 
gastrointestinal tract.  
The large intestine consists of the cecum, colon, rectum, anal canal, and appendix. 
The colon is divided into the ascending, transverse, descending, and sigmoid sections. 
The scope begins in the distal portion of the jejunum and is pulled back to the ileum. 
Here the villous structure of the small intestine can be seen again. A thin film of yellow 
mucus and bile coats the outer surface of the intestinal mucosa. Here, lymphoid 
aggregates can be seen and are known as Peyer’s patches, which are structures unique to 
the ileum. A histological section of the ileum shows the lymphoid aggregates located in 
the lamina propria and extending into the submucosa. A closer look at the epithelium 
shows a further increase in the relative number of globlet cells when compared to the 
jejunum and duodenum. 
   At this point in the procedure the scope has progressed through the entire length 
of the large intestine and is in the ileum of the small intestine. A closer look at this boxed 
region shows the ileum feeding into the cecum of the large intestine. Separating these two 
structures is the ileal cecal valve. Here the scope has been drawn in to show its current 
location. In a few moments, the scope will be pulled backwards, and  will pass back 
through the ileal cecal valve, showing a clear view of the cecum morphology. Here is 
another view of the ileocecal valve that the scope just passed through. At this junction, 
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there is a distinct epithelial transition from the villous structure of the ileum to the smooth 
mucosal surface of the colon. The villous pattern and Peyer’s patches of the ileum are 
faintly visible. Adjacent to the ileal cecal valve is the orifice to the appendix. Surrounding 
this opening are hyperplastic lymphoid follicles. The large intestine functions primarily to 
absorb fluids and gases along with vitamin K. It also produces abundant mucus which 
lubricates its lining and facilitates the passage of fecal matter. Here, the repeating pattern 
of pouches and folds can be seen. The pouches are referred to as haustra while the folds 
are referred to as plicae semilunares (or semilunar folds). Also notice that the colonic 
mucosa is almost completely transparent allowing the viewer to see the extensive 
network of vasculature that nurtures these tissues. As the scope is pulled back through the 
ascending colon, a faint blue structure appears underneath the colonic mucosa. This is the 
liver. Upon gross observation, the large intestine has a much larger lumen, in comparison 
to the small intestine and the mucosa lacks villi. A sharp eye will also make out the faint 
pit pattern, which was also seen in the gastric mucosa and represents the many crypts of 
the colonic mucosa.  
A cross section of the large intestine at low magnification shows the mucosa, 
submucosa, muscularis externa, and serosa. Although this basic structure is seen 
throughout the gastrointestinal tract, several key differences should be noted. As stated 
before, there are no villi in the large intestine. The large intestine also contains tenia coli 
which are thick bands of the outer longitudinal smooth muscle. Three tenia coli extend 
along the length of the large intestine up until the rectum. A closer look at the mucosa 
shows straight unbranched tubular glands, again referred to as crypts of Leiberkuhn. The 
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cells that line the surface of the glands are principally absorptive cells and goblet cells. 
The relative number of goblet cells progressively increases towards the distal large 
intestine. Enteroendocrine cells are also present but are difficult to distinguish in H&E 
preparations. In the base of the glands are stem cells, which typically have a turnover rate 
of five days. The liquid seen here is a mixture of bile and cleansing solution that the 
patient is required to consume 24 hours prior to the procedure. At this point in the 
procedure, the scope has been pulled back through the ascending, transverse, and 
descending colon, and now is in the sigmoid colon. The colonic mucosa, as seen 
throughout this procedure is almost completely translucent, showing a clear view of the 
vascular plexus. As the scope progresses towards the rectum, also notice the 
disappearance of the repeating pattern of pouches and folds and the relative increase in 
vasculature. The pit pattern can also be clearly seen. Here is a retroflexed view of the anal 
canal, an important routine procedure to check for hemorrhoids and colonic polyps. Here 
is the last epithelial transition of the gastrointestinal system. Histological section of this 
region shows a distinct transition from the simple columnar epithelium of the rectum, 
consisting primarily of goblet cells to the stratified squamous non-keratinized epithelium 
of the anus. This is known as the pectinate line. The stratified squamous non-keratinized 
epithelium soon becomes keratinized as it is continuous with the exterior skin. Because of 
its location, the pectinate line is difficult to view during a colonoscopy.  
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Gastrointestinal Pathology 
In this final section, common pathologies of the gastrointestinal system will be 
investigated. These include Barrett’s Esophagus, gastric antral vascular ectasia, a colon 
polyp and removal procedure, and a gastric ulcer.  
 
Barrett’s Esophagus 
Barrett’s esophagus is a condition in which the stratified squamous non-
keratinized epithelium of the esophagus is replaced with a columnar epithelium. This 
video shows the typical appearance of the pathological metaplasia of a patient diagnosed 
with Barrett’s Esophagus. In the distal esophagus, the normal pearly white esophageal 
mucosa contrasts the salmon colored mucosa of the Barrett’s esophagus. A biopsy of this 
region shows a presence of columnar and goblet cells in the esophageal mucosa.  
 
Gastric Antral Vascular Ectasia 
Gastric Antral Vascular Ectasia is an uncommon cause of chronic blood loss in 
the gastrointestinal system. This condition is associated with dilated blood vessels that 
line the antral gastric mucosa. As shown here, the long streaks of dilated blood vessels in 
the stomach leads to chronic bleeding and can be the cause of iron deficiency anemia. 
The cause is somewhat unknown however it is often associated with portal hypertension 
and chronic liver disease resulting in abnormal steroid management. Treatment of this 
disorder involves burning the effected tissue with an argon plasma coagulation unit. This 
instrument uses the repulsion of ionized gas that conducts a high frequency electrical 
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current that when comes in contact with tissue results in the coagulation of the bleeding 
tissues. The result of this treatment is the formation scar tissue. 
 
Colon Polyps 
On the right side of the screen, a sessile colonic polyp can be seen located in the 
distal colon. A polyp is any protrusion above a mucosal surface and can be pedunculated, 
or containing a stalk, sessile, or flat. To remove the polyp, an endoscopic snare is used 
which is passed through the endoscope. The snare is then placed around the entire polyp. 
As the wire is pulled back, the snare tightens, severing the entire polyp from the normal 
colonic mucosa. Pathological section of the polyp shows a tubular adenoma with low-
grade dysplasia. Architectural organization shows orderly, closely packed tubes of 
colonic epithelium. Goblet cells predominate while the enterocytes display a normal 
nuclear-to-cytoplasm ratio, and a basally located nucleus, which are all indications of 
low-grade dysplasia.  
 
Gastric Ulcer 
Upon examination of the prepyloric region of the stomach during an upper 
endoscopy, a large gastric ulcer is seen. An ulcer is defined by any break a membrane, 
and in this case, the gastric epithelium. As much as 95% of peptic ulcers are associated 
with Helicobacter pylori, which is a spiral shaped bacterium native to the acidic 
environment of the stomach. Ulcers can be worsened by certain drugs such as aspirin, 
ibuprofen, and other COX-2 inhibitors. This patient had been taking Vioxx, a COX-2 
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inhibitor, for the treatment of osteoarthritis for several years. Histological section of a 
peptic ulcer shows a clear break in the gastric epithelium and crater formation. In the 
advanced stages of the gastric ulcer, four pathologic zones can be distinguished. These 
zones include necrosis, inflammation, granulation tissue, and scar tissue. At this 
magnification, acute inflammation and ulcer exudate can be seen. Acute inflammation 
includes leukocyte infiltration while the ulcer exudate is seen as the pink fibrin debris 
seen throughout this section. The non-invasive treatment for this ulcer included cessation 
of the COX-2 inhibitor medication and proton pump inhibitors, which work to decrease 
parietal cell HCl production. After five weeks of therapy, the area has completely healed 
leaving behind only scar tissue.  
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Student Performance Analysis 
 
Cellular Organization of Tissues Final Written Exam 
Student performance on questions relevant to GI histology on the COT final 
written exam are shown in Table 1. The proportion of students who answered each GI 
related question correctly on the COT final written exam is reported in Figure 1. The 
average COT final written exam score was 75.57 for the 2011 group and 62.28 for the 
2012 group. Since there was such a dramatic difference in overall performance on the 
COT written exam between the two test groups, 2011 and 2012, the difference between 
the average on each GI related question and overall exam average was taken (Table 2). 
These adjusted proportions are also shown in Figure 2. 
 
Table 1: COT Final Written Exam Performance. This table displays the student performance data for final 
exam written test questions related to the GI section. X represents the total number of students who 
answered the question correctly. P is the proportion of students who answered the question correctly. Avg. 
is the average total written exam score. Rpb is the point biserial correlation coefficient for each of the GI 
related exam question.  
 
Question # X 2011 X 2012 P 2011 P 2012 
Avg. 
2011 
Avg. 
2012 
rpb 
2011 
rpb 
2012 
7 89   0.88   0.76   0.23   
10 86 133 0.85 0.83 0.76 0.62 0.33 0.18 
33 55 91 0.54 0.57 0.76 0.62 0.41 0.27 
35 88 145 0.87 0.91 0.76 0.62 0.24 0.33 
38 97 146 0.96 0.91 0.76 0.62 0.22 0.39 
46 83 92 0.82 0.57 0.76 0.62 0.31 0.35 
48 97 95 0.96 0.59 0.76 0.62 0.16 0.11 
55 91   0.9   0.76   0.12   
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Figure 1: Written GI Question Averages. This table shows the average performance on each of the GI 
related final written exam questions for 2011 and 2012. Blue indicates averages for 2011 while red 
indicates averages for 2012. 
 
Table 2: COT Final Written Exam Adjusted Means. This table incorporates the differences between the 
average performances on each GI related question and the average performance on the total written exam 
(P-A). 
 
Question # P 2011 P 2012 
Avg. 
2011 
Avg. 
2012 
P-A 
2011 
P-A 
2012 
7 0.88   0.76   0.12   
10 0.85 0.83 0.76 0.62 0.09 0.21 
33 0.54 0.57 0.76 0.62 -0.22 -0.05 
35 0.87 0.91 0.76 0.62 0.11 0.29 
38 0.96 0.91 0.76 0.62 0.20 0.29 
46 0.82 0.57 0.76 0.62 0.06 -0.05 
48 0.96 0.59 0.76 0.62 0.20 -0.03 
55 0.9   0.76   0.14   
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Figure 2: Adjusted Written GI Question Means. This table shows the difference between the average 
performances on each GI related written exam question and the average performance on the total written 
exam. 
 
To test the hypothesis that there was no difference between mean scores on 
individual GI related written test questions, a “two independent tests with dichotomous 
outcome statistics test” was computed. The dichotomous outcome is either correct or 
incorrect on each of the questions and the two independent samples are students from 
2011, who did not watch the video, and students from 2012, who did watch the video. 
The calculated test statistics for the COT final written exam are reported in Table 3. The 
test statistic is as follows: 
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Table 3: COT Final Written Exam Two-Independent Test. This table shows the calculated Z scores for the 
GI related final written exam questions. N indicates the total number of students who took the exam, X 
indicates the number of students who answered each question correctly, and P indicates the difference 
between the proportion of students who got the question correct and the average on the total written exam.  
 
Question 
# 
N 
2011 
N 
2012 
X 
2011 
X 
2012 
P-A 
2011 
P-A 
2012 
P Z 
10 101 160 86 133 0.09 0.21 0.84 -2.42 
33 101 160 55 91 -0.22 -0.05 0.56 -2.58 
35 101 160 88 145 0.11 0.29 0.89 -4.40 
38 101 160 97 146 0.20 0.29 0.93 -2.57 
46 101 160 83 92 0.06 -0.05 0.67 1.96 
48 101 160 97 95 0.20 -0.03 0.74 4.23 
 
If Z ≤ -1.96 or if Z ≥ 1.96 (α=0.05), than the null hypothesis is rejected and there 
is a significant difference between student exam performance from the two years. 
Students from the 2012 group, the group that watched the video, showed a significant 
improvement on four of the GI related written exam questions, 10, 33, 35, and 38, 
relative to performance on the overall exam with Z = -2.42, -2.58, -4.40, -2.57, 
respectively (Table 3). On two of the written exam questions, 46 and 48, students from 
the 2011 group, the group that did not watch the movie, performed statistically better than 
the 2012 group relative to performance on the overall exam with Z = 1.96 and 4.23, 
respectively (Table 3).  
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Cellular Organization of Tissues Final Practical Exam 
 Student performances on questions relevant to GI histology on the COT 
final practical exam are shown in Table 4. The proportion of students who answered each 
GI related question correctly on the COT final practical exam is reported in Figure 3. The 
average COT final practical exam score was 80.00% for the 2011 group and 68.00% for 
the 2012 group (Table 4). Since there was such a dramatic difference in overall 
performance on the COT practical exam between the two test groups, 2011 and 2012, the 
difference between the average on each GI related question and overall exam average 
was taken (Table 4). These adjusted proportions are also shown in Figure 4.  
 
Table 4: COT Final Practical Exam Performance. This table displays the student performance data on the 
COT final practical exam. X indicates the number of people who answered the question correctly. P is the 
proportion of the class that answered the quesiton correctly, and avg. is the class average on the total 
practical exam. P-A is the difference between the proportion of students who answered each GI related 
question correctly and the class average on the total practical exam.  
Question # X 2011 X 2012 P 2011 P 2012 
Avg. 
2011 
Avg. 
2012 
P-A 
2011 
P-A 
2012 
5 87   0.84   0.80 0.68 0.04   
6 88 123 0.85 0.76 0.80 0.68 0.05 0.08 
19 99 141 0.95 0.87 0.80 0.68 0.15 0.19 
24 89   0.86   0.80 0.68 0.06   
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Figure 3: Practical GI Question Averages. This table shows the average performance on each of the GI 
related final practical exam questions for 2011 and 2012. Blue indicates averages for 2011 while red 
indicates averages for 2012 
 
 
Figure 4: Adjusted Practical GI Question Means. This table shows the difference between the average 
performances on each GI related practical exam question and the average performance on the total practical 
exam. 
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To test the hypothesis that there was no difference between mean scores on 
individual GI related written test questions, a “two independent tests with dichotomous 
outcome statistics test” was computed. If Z ≤ -1.96 or if Z ≥ 1.96 (α=0.05), than the null 
hypothesis is rejected and there is a significant difference between student exam 
performance from the two years. Student performances on practical exam questions 6 and 
19 were not statistically significant with Z = -0.59 and -1.05, respectively (Table 5).  
Table 5: COT Practical Exam Two Independent Test. This table shows the calculated test statistic for the 
GI related final practical exam questions. N indicates the total number of students who took the exam, X 
indicates the number of students who answered each question correctly, and P-A indicates the difference 
between the proportion of students who got the question correct and the average on the total written exam. 
Question # N 2011 N 2012 X 2011 X 2012 P-A 2011 P-A 2012 P Z 
6 101 160 86 122 0.05 0.08 0.80 -0.59 
19 101 160 96 139 0.15 0.19 0.90 -1.05 
 
  
The answers given for each GI related practical question are shown in Table 6. Of 
the 104 students in 2011, 88 answered “gastric pits” for question 6, or 85%, while 123 of 
the 162 students, or 76%, from 2012 answered “gastric pits” for question 6. Of note, 22 
people, or 14%, in the 2012 group answered “crypts” (or a variation of “crypts of 
Leiberkuhn”) for the same question compared to 5, or 5%, from the 2011 group (Table 
6). 
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Table 6: COT Final Practical Answers. This table shows the COT final practical exam responses for the GI 
related questions for the 2011 and 2012 groups.  
Year   2011 2012   2011 2012 
Question 6     19     
  Gastric Pits 88 123 duodenum 99 141 
  crypts 5 22 jejunum  2 4 
  villi 3 9 colon 1 4 
  plicae circ 1 2 appendix 1 2 
  ruage 1 0 gallbladder 1 2 
  mucus cells 1 0 ileum 0 4 
  other 5 6 kidney 0 1 
  Total 104 162 esophagus 0 1 
        other 0 3 
        Total 104 162 
 
 
 
Table 7: Student Survey Responses. This table shows the student survey responses asking for feedback on 
the GI movie. The responses are organized in categories of Very Positive, Positive, N/A, Negative. 
 
Very Positive 
1 AWESOME! I showed it to my parents.  
2 I enjoyed this video very much. It had a great clinical approach to teaching the cellular organization of 
tissues. But most importantly, I could enjoy this video because I wasn't stopping it every three seconds to 
take notes on every single word Tom said. Unlike the other videos, I could watch it, enjoy it, and 
appreciate it without having to worry what would be testable material not shown in lecture or the 
syllabus.  
3 INCREDIBLE. Long but extremely well made  
4 His video was really good-- it moved at a slow pace-- seeing the endoscopy was a really good clinical 
link.  
5 Very interesting  
6 Great, very interesting.  
8 A very well done video. The integration of many types of media was much appreciated. The only thing 
I could ask is for the video to be in separate parts, but that's not terribly important.  
9 Excellent. A+ thesis  
11 Very well made. detailed and straight forward.  
12 My favorite  
13 Tom's video was excellent; by covering the histological aspects of each area of the GI tract along with 
the endoscopy, it was much easier to visualize where each portion of the GI tract is found in the body and 
remember its function.  
14 Very cool  
15 The most interesting of them all considering it was a practical situation.  
16 Amazing! Absolutely amazing! I will probably use this later for myself.  
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17 very well done  
18 Awesome!  
19 It was enlightening  
20 Awesome!  
21 THE BEST!!!  
22 Tommy's video was the best video. He spoke clearly, concisely, and his presenation was smooth 
23 This video was great and very interesting i enjoyed the surgical aspect of it.  
24 Best movie of the semester.  
26 Amazing job. Might have been the longest, but was super interesting to watch.  
29 Very good  
30 very informative and well put together  
31 Great video.  
32 Awesome video!  
33 Great video, especially the GI scope. That video helped me see what was going on in the organ 
compared to the 2-d histology slides. It helped me have a better grasp of how the organ was structured.  
36 Great!  
39 Toms video was very helpful.  
44 really interesting  
46 Tommy's video was very helpful. He was detailed, straightforward, and explained things thoroughly. 
The LM images helped during lab/reviewing.  
47 It was a very good run through of the whole GI Tract. It was even better that we got to see the actual 
anatomy of the organs so that we can see where everything is and what everything actually looks like. 
Very helpful and spoken at a very good pace.  
48 Well made and well expanded  
50 Excellent  
51 Very cool  
53 Oh my god, this video is AWESOME.  
54 Very interesting and well done.  
55 Very educational  
57 Great representations for what we were learning in class.  
59 Fantastic Video! One of my favorites from the course. I only wish I had some of the slides to take 
notes on since there was so much information.  
61 Extremely informative and thorough.  
62 Tommy demonstrated a deep understanding of the gross anatomical and histological features of each 
aspect of the GI system. The pathologies at the end of the video (polyp removal, ulcer, etc.) were 
interesting. The video was fun and helpful to watch for this course and for physiology.  
63 Very good description of the GI system. Endoscopy was fun to watch!  
64 This video was extremely helpful to learning the GI system, well laid out, and easy to follow. It was 
also very interesting.  
65 Super interesting video, fun to watch, I liked that some of the histological sections were juxtaposed to 
the endoscopic sections but it would've been nice to include all of the main bullet points from the 
syllabus as an all encompassing GI vid. But great nonetheless.  
67 very interesting.  
69 Clearly organized, good use of images and labeling, spoke slowly and explained things in an 
organized fashion.  
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72 It was very interesting, and definitely different from the other videos used in the course. It would be 
great to have more videos like that.  
74 I definitely enjoyed watching the endoscopy and the breaks he would pit in to show a histology slide.  
76 Great video!  
77 Tom's video was very informative and an interesting combination of both diagrams and live 
endoscopy.  
81 This video was very well done, and the commentary was also very good.  
82 Very informative and well done  
84 This video was very helpful in learning the different sections of the GI system.  
85 Awesome, helped immensely.  
86 Excellent video. This was probably the only video I enjoyed watching. Good pace, and very 
interesting!  
89 Excellent! (aside from the gross secretions) Logically arranged, loved the multiple levels of 
integrating the gross and microscopic levels, clearly spoken. The pathologies were interesting. 
Thoroughly covered, and interesting.  
90 Great video!  
91 Great change of pace to see an actual functioning organ.  
93 Tommy did a wonderful job explaining the endoscopy!  
96 I thought it was a very well made video. As a student wanting to enter the medical field, it was great 
to watch an endoscopy video with the incorporation of histo slides to help me see and understand the 
tissue from multiple layers.  
97 Tommy's video was amazing. It was so cool to see the procedure done while also teaching us the 
histology. It was pretty long so I would try to break it down a bit, but other than that it was great.  
98 Possibly my favorite video of the semester. I may be biased because it was the most clinically relevant 
to a medical career, but I found it so helpful to be able to learn the components of the GI system while 
actually traveling through the system itself (as opposed to just looking at textbook pictures).  
99 - Nice video! Great images. I really appreciates the different procedures being shown to remove 
ulcers, etc... - It might be better to break up the video into sections (Esophagus, Stomach, Intestine, Large 
Intestine).  
101 Great work Tommy  
102 Awesome video!  
103 Excellent video - a bit long.  
105 This was excellent. It was really interesting to see the video of the GI endoscopy, along with 
histological slides, and commentary. More videos like this in the future would be extremely beneficial 
for students.  
107 This was really cool. 
108 Great video. Very interesting and relevant. It was great to see the GI tract live and in 3D rather than 
2 dimensional slides  
110 That was sweet thanks Tommy! Although it would've been helpful if there was a shorter straight to 
the point lecture to go back to for reference.  
111 Wow- can't imagine how much time it took to make that. Doing an endoscopy made it seem really 
relevant.  
112 Incredible. Very helpful. 
114 The length made me dread the video but it ended up being one of my favorite and made learning the 
GI system much easier.  
115 Extremely helpful for learning the GI! 
116 Great video, really loved the endoscopy 
117 Awesome. 
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118 Very well prepared and kept me focused the entire time despite it being rather long compared to 
other videos.  
  
Positive 
7 It was a well narrated epic narrated. Definitely helped me understand a few things about the GI system.  
10 Tommy's video was long, but great!  
25 Awesome! Lots of information that we didn't really need to write down though.  
35 Fantastic video, although it was a bit long and intimidating. It also contained some things that were 
outside the scope of the course. But as a supplementary video, it was very good and fun. Kept everything 
together  
37 It wasn't uploaded to youtube in 1080p which i was REALLY looking forward to. More time could be 
spent on the histo slides than the endoscopy part. Overall great video.  
38 If this was the endoscopy video, it was actually quite cool.  
41 Good  
42 Good overall.  
43 This video was helpful and appropriately corresponded to material covered in lecture.  
45 His videos were helpful.  
49 Very interesting and cool to watch, however did not seem to provide as much as any of the other 
videos. Especially since it was one of the longest.  
52 Good.  
56 Narrated Well  
58 Fine  
60 It was cool, but felt not much information was really offered to take notes about.  
66 long but cool!  
70 Awesome Video!! Loved the endoscopy portion. Although specifically, I noticed he did not include 
the antrum on his review of the areas of the stomach, and then indirectly mentioned it at the end when 
talking about gastric astral vascular ectasia..  
71 Interesting, but ultimately superfluous. Perhaps it should be an optional video to help supplement the 
material.  
75 Very informative and well done overall. However, it would have been better if he could have 
provided more histological slides while going through the GI.  
78 I honestly don't remember then too well. I thought that the GI video was cool, but there was a lot of 
talking without writing.  
79 It was cool to see the endoscopy stuff, kind of helped me learn but not really...  
83 Tom's video was really well done. My only complaint was that it was too long. I would have preferred 
to have it broken up into an upper and lower endoscopy in two videos.  
87 Very enjoyable..Somewhat long.  
88 Excellent. Entertaining though a tad long I don't know how much of it was directly useful to the 
course.  
92 thumbs up  
94 It was interesting to watch. I liked the explanation, but once again, it should be reviewed in lecture.  
100 Cool video.  
95 The video was useful in visualizing what these structures really look like (not cartoon image). I don't 
think I got much study information out of it but it was fascinating  
104 Also, spoken at the speed of light. It was also like watching a feature-length film, but nevertheless, 
one of the more interesting videos of the semester.  
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106 Really enjoyed it, though it could have been a bit more condensed  
113 Good video. 
  
Negative 
28 Breaking the video up into shorter segments would have made it easier to digest (no pun intended)  
34 Tom's video was also difficult to follow.  
40 It was cool to watch, but didn’t really help me picture anything.  
68 Content was fine, he spoke a little fast so it took me over an hour to watch the whole thing and take 
notes, maybe would have helped to have more of the words flash across the screen when he said them  
80 Spoke too fast.  
  
NA 
27 None  
73 n/a  
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DISCUSSION 
A strong knowledge of microscopic anatomy and histopathology is fundamental 
in medical training and continuing education
1
. During the 19
th
 century, histology 
curricula have relied on the use of light microscopes and glass histological samples. Over 
the past decade there has been a shift towards using digital microscopy to replace the 
time consuming and inefficient methods of viewing histological samples using a light 
microscope. Histology curricula have also incorporated the many advances in imaging 
and preparation techniques to allow students to explore the structure and function of cells 
in detail. These improvements to histology curricula have been made to give students the 
exposure necessary to develop a strong knowledge of microscopic anatomy. In teaching 
gastrointestinal histology, the surface specializations of this multiple organ system are 
often emphasized. To develop a full understanding of these surface specializations, the 
appearance of gastrointestinal mucosal surfaces in vivo should be investigated in order for 
students to develop an all-encompassing understanding of this complex system.  
A comprehensive overview of the structure and function of the gastrointestinal 
system using high-definition endoscopic footage was implemented into graduate and 
medical histology curricula. To assess its efficacy in assisting students develop an 
understanding of this system, student performance on GI related questions was analyzed. 
According to student performance on the GI related exam questions, there is evidence to 
conclude that this video helped students learn GI histology. Since there was such a 
dramatic difference between overall written exam average between the two groups (Table 
1), it was necessary to incorporate that difference into the statistical analysis. To do this, 
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the differences between the average performances on GI related questions and the 
average on the total written exam were calculated. A statistical test was then run on these 
adjusted mean values to incorporate the average on the written exam. On the GI related 
questions 10, 33, 35, 38, students from the 2012 group who watched the video performed 
significantly better than the 2011 group, relative to the average written exam score (Z = -
2.42, -2.58, -4.40, -2.57, respectively).  
On question 46 and 48 of the written exam, students from the 2011 group, the 
group that did not watch the movie, performed statistically better than the 2012 group 
relative to performance on the overall exam (Z = 1.96 and 4.23, respectively). However, 
since question 48 for each exam was different, it cannot be considered for statistical 
evaluation of student performance. Furthermore, the point biserial correlation coefficient 
(rpb) for question 48 was 0.158 and 0.118 for the 2011 and 2012 groups, respectively 
(Table 1). Rpb values between 0.00 and 0.200 indicate a weak exam question and are not 
indicative of student performance on the rest of the exam. Since the rpb values for 
question 48 are less than 0.200 for both groups, it should not be a question to consider for 
statistical evaluation because it is not a good indicator of student performance on the 
overall exam. Question 46, however, had rpb values of 0.348 and 0.305 for 2011 and 
2012 groups, respectively (Table 1). Because of the high rpb values, this question can be 
considered a strong exam question.  
Statistical analysis on student performance on the practical exam showed no 
significant difference between the 2011 and 2012 groups. It should be noted that the 
difference between the proportion of students who answered the question correctly and 
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the average on the total practical exam was higher for both questions in the 2012 group 
(Table 4). However a closer look at the answers given on the two GI related practical 
exam questions gives insight as to what should be emphasized in the GI movie for future 
use. A total of 22 students (14%) from the 2012 group incorrectly answered “crypts of 
Leiberkuhn” for a question asking to identify gastric pits (Table 7). This is compared to 
the 5 students (5%) from 2011 group who answered “crypts of Leiberkuhn” to the same 
question. A future inclusion to the GI movie should be an emphasis on the difference 
between these distinct structures. A plausible addition to the movie might be a 
histological side-by-side look at both the gastric pits and crypts of Leiberkuhn. Important 
distinctions between these two structures can be highlighted in this side-by-side 
depiction. These might include the presence of villi near crypts of Leiberkuhn, outlined 
by enterocytes and goblet cells. Around the gastric pit: the presence gastric glands 
including the distinct eosinophilic parietal cells and the lack of villi should be 
highlighted. This side-by-side comparison might give students the tools necessary to 
differentiate between these distinct structures. 
At the end of the semester, students completed a course survey in which they 
were asked to comment on the GI video. After a review of student comments concerning 
the GI video, it is clear that the majority of students thought this was a useful tool to 
learning GI histology. During review of comments, student responses were categorized 
into “very positive”, “positive”, “negative”, and “very negative”. Of the 162 students in 
the course, 118 students responded to this particular survey question. Of these comments, 
80 responses were categorized as “very positive”, 27 as “positive”, 4 as “negative”, 0 as 
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“very negative”. This overall positive feedback from students indicates that this video is a 
useful tool to gaining a better understanding of GI histology. It was also noted that 12 of 
the students indicated that the video was too long. Prior to watching the video, it should 
be suggested that students watch the three chapters of this movie, upper endoscopy, 
colonoscopy, and common pathologies of the GI system, at separate times. Although this 
will not change the overall length of the video, it might make each chapter more 
digestible. Furthermore, it should be emphasized that the purpose of pathology section is 
to provide clinical examples that are relevant to GI histology and are not necessarily 
required for a complete understanding of GI histology for the COT course.  
After reviewing student performance data and written feedback from students, it 
can be concluded that a comprehensive overview of the gastrointestinal system using 
endoscopic footage paired with histological sections is useful to students learning 
gastrointestinal histology. The important link between microscopic anatomy and 
anatomical appearance in vivo can be established by pairing high-definition endoscopic 
footage with the histological specimens viewed in laboratories. This video however, 
should not be used to replace the textbook. In order to master GI histology students still 
need a full understanding of the fine details of organ cellular structure and function that 
might not have been emphasized in this movie. These details should be sought out in 
textbooks and reviewed in the classic lecture settings. This video should be used to 
supplement the many details learned after attending lectures and reviewing literature and 
employed to provide a comprehensive overview of this complex system.  
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PART II: 
A REVIEW OF INNOVATIVE IMAGING TECHNOLOGIES 
 
“...[T]he ability to establish an immediate endoscopic diagnosis that is virtually consistent 
with the histologic diagnosis has been the ultimate objective of endoscopists since the 
very earliest phases of the development of endoscopy”   
- Kudo, S. Gastrointestinal Endoscopy. 1996. “The Pit Pattern Classification” 
 
ABSTRACT 
 Currently, white light endoscopy with random biopsy is the standard for 
surveillance, detection, and diagnosis of many diseases of the gastrointestinal system. 
However, there are several limitations that accompany this random biopsy method 
including significant sampling errors and high cost. Advancements in imaging techniques 
that allow for more targeted surveillance of GI mucosa for early detection of 
precancerous lesions are highly sough after. Imaging technologies that point to specific 
locations to biopsy would eliminate the limitations of the random biopsy method and 
increase detection efficiency. In this section, three emerging imaging technologies will be 
investigated: optical coherence tomography, narrowband imaging, and confocal 
endomicroscopy. These imaging techniques also show promising potential for application 
in fields of medicine other than gastroenterology. Since these techniques might have 
diverse applications in the clinic, medical and graduate students should have an early 
exposure to understanding and interpreting these images. 
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INTRODUCTION 
 
Gastrointestinal imaging technologies have made significant progress since the 
original endoscope’s introduction to the field in the 1960s. The endoscope has allowed 
physicians to examine the interior of the gastrointestinal system to diagnose and treat 
various pathologies of the GI system. As the field has progressed the search for an 
imaging tool that allows for optical biopsy has begun and is one of the primary goals of 
endoscopists. The ideal imaging technology would allow the physician to make an optical 
diagnosis and decide on an immediate treatment plan without further need for future 
procedures. Currently, advances in imaging technologies are being developed that may 
help physicians diagnose certain GI pathologies without the need for histological 
confirmation. Diminishing the need for biopsy and pathological confirmation could save 
valuable time and financial resources. For clinical, economical, and legal reasons, 
however, complete elimination of histological confirmation in the detection of certain GI 
pathologies is not in the near future. However, advances in imaging technologies have the 
potential to significantly modify how physicians detect and diagnosis precancerous 
lesions of the gastrointestinal system. 
The current standard for the detection and diagnosis of many GI related 
pathologies is the random biopsy method. However, there are several limitations that 
accompany this random biopsy method. This laborious and expensive method for 
detecting precancerous lesions has a high degree of sampling error. Suspicious lesions are 
often missed since many pathological indicators, such as intestinal metaplasia, display a 
patchy distribution and only a small fraction of the mucosa is biopsied. An imaging 
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technique that could detect these pathological indicators would highlight specific areas of 
the mucosa to biopsy and might decrease the sampling error that accompanies the random 
biopsy method. Several imaging technologies, including optical coherence tomography, 
narrow-band imaging, and confocal laser endomicroscopy are under investigation and 
their efficacy in early detection of GI related pathologies is being determined. With the 
implementation of more advanced imaging technologies, biopsies can be better targeted 
to abnormal appearing mucosa, thereby increasing the sensitivity of testing
5
. 
Carcinomas of the upper and lower GI tract have a poor prognosis, and curative 
treatment is most commonly only achieved in local disease
6
. Early and rapid diagnosis is 
key for successful management of premalignant and malignant lesions. Two of the most 
clinically significant pathologies of the GI system are Barrett’s esophagus and colorectal 
carcinoma.  
In Barrett’s esophagus, the normal stratified squamous epithelium of the 
esophagus is replaced by the columnar epithelium of the intestine. BE is recognized as a 
premalignant condition and is the only known precursor to esophageal 
adenocarcinoma
7,8. Neoplastic transformation in Barrett’s epithelium is estimated to be 
0.5% for an individual patient; however, the incidence of esophageal adenocarcinoma has 
been increasing 3-6 fold since 1990
9
. This increase in esophageal adenocarcinoma 
incidence has required procedural modifications to increase the early detection of 
intestinal metaplasia. Patients with chronic gastroesophageal reflux disease are advised to 
have endoscopic screening and random biopsies for detection of BE, intestinal 
metaplasia, and intraepithelial neoplasia. Standard endoscopic imaging provides little 
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detail of mucosal surface making it impossible to distinguish between specialized 
intestinal epithelium and gastric type metaplasia or to recognize dysplastic epithelium
10
. 
Areas of cardiac metaplasia, intestinal metaplasia as well as high and low grade 
dysplasia, can be present simultaneously and can be difficult to distinguish with standard 
endoscopy
10
. In the absence of visible abnormalities, four quadrant biopsies are taken 
every 2 cm length of Barrett’s epithelium10. However, several limitations exist to the 
current random biopsy method.  
Random biopsies have significant sampling error since intestinal metaplasia and 
dysplasia have a patchy distribution and only a small fraction of the Barrett’s epithelium 
is biopsied
8
. Due to the low incidence of neoplastic transformation in BE, the cost per 
dysplasia detected is high. The vast majority of patients with BE will not develop 
esophageal cancer but are still subject to this expensive and laborious surveillance 
program. Poor intra- and interobserver agreement on histological grading of biopsies also 
contributes to the inefficiencies of this method
10
. As a result of these limitations, imaging 
technologies that improve the efficacy of screening and surveillance are highly desirable.  
Colorectal cancer remains one of the leading causes of cancer death in the United 
States and develops in approximately 5-6% of the adult population
11
. Screening 
colonoscopies and polyp removal procedures have had a significant impact on reducing 
colorectal cancer incidence
12
. Individuals with Crohn’s disease or long-standing 
ulcerative colitis are at an increased risk for dysplasia and colorectal cancer
5
. In order to 
decrease the risk of these patients developing colorectal cancer, they are advised to 
undergo surveillance colonoscopy every 1-2 years
5
. Endoscopic detection of early 
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neoplasia often proves to be difficult since these lesions can be very subtle. Thus, the 
current recommendation includes obtaining random, non-targeted four-quadrant biopsies 
every 10 cm, starting from the cecum and continuing to the rectum
5
. Limitations to this 
method mimic those of the random biopsy method used to examine patients with BE. 
Most significantly, there is a high degree of sampling error associated with this method 
since such a small percentage of the colonic mucosa is actually biopsied. As in BE, 
imaging technologies that allow for a more targeted approach to surveying colonic 
mucosa are highly desirable since early detection of colonic neoplasias is imperative for 
proper treatment of this disease.  
The techniques investigated in this study have shown potential to be incorporated 
into the clinic over the next several years and have shown promising results in fields 
other than gastroenterology. Optical coherence tomography is widely used to obtain high-
resolution images of anterior segment of the eye and retina in order to assess axonal 
integrity in multiple sclerosis
13
. Currently, the use of OCT to image coronary artery 
microstructure in order to identify lipid-rich plaques in heart vasculature is under 
invetigation
14
. Researchers have also suggested a large range of potential applications for 
confocal laser endomicroscopy including imaging the urinary tract, lungs, and ovaries. 
Since these technologies show potential for diverse use in the clinic, it is important that 
medical and graduate students obtain an early exposure to understanding and analyzing 
these images. As these students progress into their respective field of medicine and as 
improvements to these imaging techniques are made, students may have to analyze and 
interpret these images for clinical purposes.  
 44 
REVIEW OF IMAGING TECHNOLOGIES 
Optical Coherence Tomography 
Optical coherence tomography is a technique that uses light wave reflections from 
within a tissue to obtain subsurface, cross-sectional images. Often termed “optical 
ultrasound”, OCT is the optical analog of ultrasound as it uses light waves, typically 
between 750 and 1300 nm, instead of sound waves, to produce an image
15
. The direct 
benefits of OCT are live subsurface images at near microscopic resolution, at 10 um, and 
instant imaging of tissue morphology 
15
. No tissue preparation is required. OCT can build 
clear three-dimensional images of thick samples (1-2 mm) by rejecting background signal 
while collecting light directly related to the surface in question.  
Using endoscopic probes in vivo OCT images of the normal esophageal and 
colonic mucosa are shown (Figure 5)
16
. OCT images of patients with BE are shown in 
Figure 6 with corresponding histology. The upper mucosal layers with columnar 
epithelium contrast the bright underlying lamina propria. Images of BE are substantially 
different from images of normal esophagus 
15
. Upon examination of patients with BE 
associated adenocarcinoma, OCT images show lack of regular esophageal structure, 
uneven surface, and malignant cells appearing bright in comparison to less-reflecting 
normal cells (Figure 7)
15
. 
Studies have been conducted to assess the efficacy of OCT in diagnosing BE 
associated intestinal metaplasia. Criteria for identifying intestinal metaplasia using OCT 
were developed and are as follows: (1) absence of the layered structure of the normal 
stratified squamous epithelium, (2) disorganized architecture with inhomogeneous tissue 
contrast and irregular mucosal surface, and (3) presence of submucosal glands
17
. Using 
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these criteria, specialized intestinal metaplasia could be reliably distinguished from 
squamous epithelium by OCT with sensitivity of 97% and specificity of 92% when tested 
prospectively
17
. Similar standards for grading and characterizing high-grade dysplasia in 
BE have also been established. Important features include lack of epithelial maturation 
and gland architecture disarray
18
. Using these criteria, OCT was able to detect 
architectural abnormalities that are associated with the progression of BE associated 
adenocarcinoma. Preliminary findings suggest that identification of architectural changes 
with OCT can provide accurate discrimination of inner mucosal carcinoma and high-
grade dysplasia in esophageal specialized intestinal metaplasia
18
. These preliminary 
observations suggest that OCT may provide an avenue for early detection and optical 
diagnosis of Barrett’s esophagus and Barrett’s associated adenocarcinoma.  
Using OCT to image normal and abnormal colonic mucosa has also been 
investigated. Figure 8 shows an en face view of the normal glandular mucosa of the colon 
using three-dimensional OCT. Macroscale tissue folds can be seen in Figure 8(A), which 
shows an en face view of the colonic mucosal tissue. Figure 8(B) and Figure 8(C) show a 
cross sectional image oriented along the XZ plane and YZ plane, respectively. Figure 
8(D) is a magnified image and colonic crypts can be clearly seen at this magnification. 
This image can be compared to the corresponding histological image in Figure 8(E). 
Lastly, Figure 8(F) shows the white light endoscopic view of the area of colonic mucosa 
imaged with OCT. These images demonstrate the ability to image normal colonic mucosa 
with OCT
19
. Although larger clinical studies are needed in order to definitively establish 
the appearance of normal morphology, this pilot study presents potential avenues for 
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utilizing this technique for detecting certain pathologies. Once normal crypt architecture 
is more firmly established, OCT can be used distinguish between normal and abnormal 
tissues and can be used as an accessory to endoscopic therapies.  
 
  
Figure 5: Normal Esophageal and Colonic Mucosa in OCT. (Left) Normal esophageal mucosa imaged 
using OCT. SE, stratified (squamous non-keratinized) epithelium; LP, lamina propria; MM, muscularis 
mucosa; SM, submucosa; MP, muscularis propria. (Right) Normal colonic mucosa imaged using OCT. 
UM, upper mucosa; SM, submucosa; MP, muscularis propria; CR, crypts. Bars represent 1 mm. Image 
taken from Jackle, 2000
16
. 
 
Figure 6: Barrett’s Esophagus in OCT and H&E. (Left) OCT image of BE. Notice the presence of crypts 
(Cr) in the epithelial layer. (Right) A corresponding histological section clearly showing the presence of 
crypts in the epithelial layer. UM, upper mucosa; LP, lamina propria; MM, muscularis mucosa; SM, 
submucosa; MP, muscularis propria. Bars represent 1 mm. Images taken from Jackle, 2000
15
. 
 
 
 47 
 
Figure 7: Barrett’s Associated Adenocarcinoma. (Left) OCT of Barrett’s associated adenocarcinoma shows 
lack of regular esophageal structure, a cellular region (CR), and non cellular region (NCR). The formation 
of cyst lesions is also shown. (Right) The corresponding histological section. Bars represent 1mm. Images 
taken from Jackle, 2000
15
.  
 
 
 
Figure 8: OCT images of normal human colon. (A) En face image of normal colon. Dashed lines show 
locations of cross-sections. (B) XZ cross-section showing typical columnar structure. (C) YZ cross-section 
showing uniform crypt structures. (D) Enlarged view of en face view showing crypt pattern. (E) En face 
histology view of crypt pattern. (F) White light endoscopy image of area imaged with OCT. Figure take 
from Adler, et al, 2009
19
.  
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Narrow Band Imaging 
 
Narrow band imaging refers to an imaging technique in which specific 
wavelengths of light, typically blue (460 nm) or green (540 nm), are used instead of the 
conventional white light. This specific type of light is used to obtain further detail of the 
mucosal tissues during endoscopy and colonoscopy, specifically increasing the contrast 
between the epithelial surface and the underlying vascular network. In white light 
endoscopy, the depth of penetration of the incident light through the digestive wall 
depends on the wavelength. Blue bands have a shallow penetration, red bands have a 
deep penetration, and green bands have intermediate penetration
12
. Hemoglobin absorbs 
blue and green wavelengths of light and reflects red light, which gives the mucosa and 
associated vessels a distinct red color. Since the mucosal and submucosal layers are 
highly vascularized, and since vessels reflect red light, a high percentage of the light 
feedback is in the red wavelength spectrum. This provides little contrast for the physician 
to detect disruptions in the mucosal surface. In narrowband imaging, a special set of 
filters is used to restrict the incident light to two narrow bands of wavelengths 415 nm 
(blue) and 540 nm (green). The absorption of these wavelengths by hemoglobin gives 
vasculature a dark appearance and enhances the contrast between the vascular network 
and the rest of the tissue. Furthermore, the selective reflection of the NBI light by 
superficial layers improves the definition of the surface.  
The exploration of Barrett’s esophagus and the early detection of junctional 
adenocarcinoma is one of the best indications of NBI. Early endoscopic detection is 
based on the identification of areas of intestinal metaplasia and adjacent areas with 
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intraepithelial neoplasia
12
. NBI could improve the efficacy of achieving both of these 
objectives in comparison to conventional white light endoscopy. In comparison to white 
light endoscopy, there is an increase in contrast between the stratified squamous 
epithelium of normal esophagus epithelium and the columnar epithelium of BE (Figure 
9). Mapping the epithelial types using magnification NBI is also more reliable than using 
white light magnification alone. Epithelium classified as villous, cerebroid, or ridged, 
have a high predictive value for intestinal metaplasia
12
 ( 
Figure 10).  
Discrimination between neoplastic and non-neoplastic lesions is crucial in 
colorectal screening. Since NBI increases the contrast of mucosal vasculature networks in 
neoplastic lesions, NBI has been suggested to improve diagnostic accuracy of colorectal 
adenomas. In one study, the efficacy of NBI in differentiating between neoplastic and 
non-neoplastic lesions was compared to that of conventional light endoscopy and 
chromoendoscopy. For diagnosis using NBI, a homogenous, dense vascular meshwork 
under high magnification was considered characteristic for neoplastic lesions ( 
Figure 11)
20
. In this prospective study, diagnostic accuracies significantly improved when 
low-magnification and high-magnification NBI, 82.4% and 90.0%, respectively, were 
compared to conventional light endoscopy
20
. In a similar study, NBI showed a diagnostic 
accuracy of 93.4%
20
. This emphasizes the importance of contrast imaging and an 
endoscopic system installed with NBI enables physicians to improve diagnostic accuracy 
and increase the rate of detection of colonic neoplasia
20
.  
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Figure 9: Barrett’s Esophagus Imaged in White Light and NBI. (Left) Barrett’s Esophagus with white light 
endoscopy. (Middle) Magnification NBI shows a villous pattern indicative of intestinal metaplasia. (Right) 
Higher magnification shows detail of villous pattern. Image taken from Brenna Casey. 
 
 
 
 
 
 
Figure 10: Barrett’s Esophagus Imaged in White Light, NBI, and NBI with Magnification. (Left) 
Magnification endoscopy demonstrates a short segment of columnar epithelium in the distal esophagus. 
(Right) NBI displays higher contrast between vasculature (dark blue) and mucosal surface. Image taken 
from Brenna Casey. 
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Figure 11: Use of NBI to Distinguish Between Non-neoplastic and Neoplastic Colorectal Lesions. (Top 
Left) Light endoscopy view of hyperplastic polyp. (Middle Left) Low Magnification NBI of hyperplastic 
polyp. (Bottom Left) High-Magnification of hyperplastic polyp shows minimal vasculature. (Top Right) 
Light endoscopy view of an adenoma. (Middle Right) Low Magnification NBI of adenoma. (Bottom Right) 
High Magnification NBI shows extensive vascular network typical of adenomas. Image taken from Chiu, 
H, et al., 2007
20
. 
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Confocal Laser Endomicroscopy 
Confocal endomicroscopy is a novel technology that provides instantaneous 
histopathology during upper and lower endoscopy allowing for subsurface histological 
diagnosis at a cellular and subcellular level in vivo
6
. This type of imaging is a 
modification of white light microscopy whereby focal laser illumination is combined 
with pinhole limited detection
11
. The pinholes allow only light originating from a distinct 
in-focus imaging plane to pass through and be detected. Out-of-focus light is 
geometrically rejected by the pinhole and not included in image production. Light that is 
not rejected and passes through the pinholes is detected and a two-dimensional image is 
produced in gray-scale. With the use of fluorescent dyes, such as acriflavine 
hydrochloride and fluorescein, light emission can be stimulated by laser excitation and 
cells located several microns beneath the tissue surface can be imaged
6
. The resultant 
image is an “optical section” representing approximately one focal plane within the 
specimen
21
. Recently, a confocal microscope has been fitted to the distal tip of a 
conventional endoscope and its effectiveness in rapid detection of gastrointestinal 
neoplastic diseases at the microscopic level has been investigated
6
. 
CLE could potentially allow for real-time imaging of suspected esophageal 
lesions. Several studies have assessed the efficacy of CLE in detecting intraepithelial 
neoplasia and intestinal metaplasia in patients with BE. CLE of a normal esophagus is 
shown in Figure 13. One study found that when CLE is used by a group of experienced 
endoscopists, it is an accurate and reliable method for diagnosis of intraepithelial 
neoplasia in BE. Experienced observers displayed a sensitivity and specificity of 91% 
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and 100%, respectively, in overall assessment of esophageal neoplasia, and intraobserver 
agreement was high at 92%
9
. In another study, confocal endomicroscopy was evaluated 
for the diagnosis of intestinal metaplasia in 63 patients with long lasting reflux symptoms 
(Figure 14). Prediction of specialized intestinal metaplasia was possible with an accuracy 
of 96.8% by CLE and accuracy of prediction of intraepithelial neoplasia was 92.9% at 28 
imaging sites in vivo
6
. Inter- and intraobserver agreement was 0.84 and 0.89, 
respectively
6
. The data from each of these studies show that CLE has the potential to 
accurately and reliably detect intraepithelial neoplasia and intestinal metaplasia in 
patients with BE, indicating that this technology is a useful tool in clinical practice.  
The efficacy of CLE in characterizing neoplasias of the colon and terminal ileum 
has also been investigated. Images of the normal colon architecture viewed with CLE can 
be seen in Figure 15. In one study, a total of 42 patients underwent CLE examination of 
lesions and standardized areas of the colon and terminal ileum. CLE was used in a 
targeted fashion on a total of 134 flat, sessile, or polypoid lesions and a classification 
based on crypt and cellular appearance was developed. Based on this classification, the 
distinction between normal intestinal mucosa and neoplastic lesions was possible with a 
high accuracy of 99.2% 
6
. In another study, 13,020 confocal images were taken from 390 
locations (256 inconspicuous areas and 134 circumscript lesions), classified, and 
compared to histological data from biopsy specimens from the same locations
11
. This 
comparison showed that neoplastic changes could be predicted with a sensitivity of 
97.4%, a specificity of 99.4%, and an accuracy of 99.2%
11
. CLE of intraepithelial 
neoplasias and colon cancers showed tubular, villous, or irregular architecture with a 
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reduced number of goblet cells (Figure 16). A statistical analysis of the potential 
difference between both methods of detection, CLE and histopathology, displayed a 
nonsignifant p-value of 0.6171, suggesting that there is no significant difference between 
these two methods
11
.  
In a similar study, 116 colorectal polyps from 72 patients were examined using 
CLE, with fluorescein 10% and acrflavine hydrochloride .05%. Ex vivo histopathology of 
the polyps showed 68 adenomas, 6 invasive carcinomas, 30 hyperplastic polyps, and 12 
inflammatory polyps
22
. When compared to histopathology, CLE allowed accurate 
differentiation between adenomatous and nonadenomatous colorectal polyps and 
predicted histopathology with a sensitivity of 97.3%, specificity of 92.8%, and accuracy 
of 95.7%
22
.  
In this study, objective criteria for differentiating between high-grade dysplasia 
and low-grade dysplasia were also produced. The adenoma dysplasia score was 
calculated by adding up scores corresponding to the following parameters: epithelial 
surface maturation, crypt morphology, vascular pattern, and cytonuclear atypia
22
. CLE 
images of adenomatous polyps with histologically proven low-grade dysplsia and high-
grade dysplasia were examined. ADS scores were summed based on the parameters 
specified. Median ADS was significantly higher in adenomas with high-grade dysplasia 
versus those with low-grade dysplasia. This study concludes that accurate in vivo 
characterization of degree of dysplasia in colorectal neoplasias was achieved using CLE 
and this grading system
22
. CLE offers the ability to produce a more systematic 
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classification of colorectal polyps and might offer considerable potential to ultimately 
fine-tune surveillance programs.  
Each of these studies suggests that confocal laser endomicroscopy allows for in 
vivo microscopic analysis with micron-scale imaging of living cells and may be a suitable 
tool for examining, detecting, and classifying lesions of the esophagus and the colon. 
These studies demonstrated that the diagnostic yield is comparable to histology after 
biopsy in a majority of specimens studied. This novel technology shows promising 
potential to provide rapid analysis of esophageal and colonic lesions during ongoing 
endoscopy.  
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Figure 12: The Confocal Endoscope. This is a diagram of the distal tip of an endoscope containing the 
miniaturized confocal microscope. Image taken from Goetz and Keisslich, 2008
6
. 
 
 
Figure 13: Normal Esophagus in CLE. A normal esophagus imaged with CLE shows a stratified squamous 
epithelium. Images take from Kiesslich. 
 
 
 
 57 
 
Figure 14: Barrett’s Esophagus Imaged with CLE. (A) Barrett’s esophagus can be characterized here as 
villous like surface. Goblet cells are interspersed throughout the epithelium and can be identified as cells 
containing dark inclusions (arrows). The presence of goblet cells is a classic indicator of intestinal 
metaplasia. Arrowheads mark the opening to Barrett’s glands. (B) Barrett’s associated metaplasia is 
indicated by disruption in normal tissue architecture and dark cells that are no longer contained to the 
epithelial layer (arrows). Figures taken from Brenna Casey. 
 
 
 
 
Figure 15: Normal Colonic Mucosa Imaged with CLE. (A) Image taken from ascending colon following 
topical application of acriflavine hydrochloride. Superficial epithelial cells are selectively stained and 
imaged here. (B) Intravenous administration of fluorescein sodium strongly stained surface epithelium and 
deeper layers of lamina propria. (C) Deeper focal planes of the crypts. Figure taken from Kiesslich et al. 
2004.  
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Figure 16: Adenoma with High-grade Intraepithelial Dysplasia. A. Colonoscopy shows lager polyp in 
upper portion of picture. B. Confocal endomicroscopy of polyp shows tubular-shaped crypts and a decrease 
in goblet cell number (indicated by dark spots) and loss of intercellular junctions. C. Corresponding 
histological specimen also shows reduced number of goblet cells, a branched crypt structure, and loss of 
cellular junctions. Figure taken from Kiesslich et al., 2004
11
. 
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DISCUSSION 
 
Since the introduction of the endoscope, it has been the goal of endoscopists to 
create an imaging technology that allows the physician to make optical diagnoses without 
histological confirmation. For clinical, economical, and legal reasons, however, complete 
elimination of the need for histological confirmation in the detection of certain GI 
pathologies is not in the near future. However, advances in these imaging technologies 
show promising potential to significantly modify how physicians detect and diagnosis GI 
related diseases. Since these technologies show potential to have diverse applications in 
the clinic, it is important that medical students obtain an early exposure to understanding 
and analyzing images taken using these techniques.  
Optical coherence tomography was among the first imaging technologies studied 
with the specific goal of obtaining optical diagnoses in mind. Much of the research on 
OCT in relation to the GI system was conducted in the early 2000s. This was one of the 
first imaging technologies that allowed for microscopic analysis of the GI tract in vivo. 
The images produced, however, were of low quality and did not give detailed information 
about cellular structure and organization. OCT played a critical role in this movement 
towards in vivo microscopic imaging as it paved the way for further developments in 
confocal laser endomicroscopy. At this point the focus has shifted from researching 
developments in optical coherence tomography to improving confocal endomicroscopy 
technology to provide detailed imaging of the GI system in vivo at the cellular level.    
Narrow Band Imaging does not allow for microscopic analysis of the GI mucosa 
but will be a valuable instrument in the toolbox of the endoscopist. NBI can be used in 
 60 
combination with white light endoscopy to provide detailed surveillance of 
gastrointestinal mucosa. By using white light endoscopy and NBI in tandem, surveillance 
programs can be improved and suspicious lesions can be more thoroughly analyzed. This 
will drastically improve the standard blind biopsy method commonly used to detect 
dysplasia or intestinal metaplasia and make early detection of precancerous lesions more 
efficient.  
Before these techniques become the standard for use in the clinic, several 
limitations must be overcome. Importantly, classification systems need to be standardized 
before these techniques can be universally incorporated into surveillance programs. 
Classifying epithelial characteristics for prediction of intestinal metaplasia is necessary 
for accurate prediction of BE associated adenocarcinoma using NBI. In CLE, a grading 
system for the degree of dysplasia in colorectal polyps also needs to be standardized 
before CLE can be of common use in the clinic. Until classification systems are firmly 
instilled and widely agreed upon, these imaging technologies will not be utilized as the 
standard in medical practice. These imaging techniques are also not a substitute for 
meticulous and careful examination during endoscopic screenings and it should be 
emphasized that a well trained and experienced endoscopist is needed to make accurate 
assessments on gastrointestinal pathologies. Neither NBI nor CLE will completely 
replace conventional white light endoscopy. White light endoscopy will remain the 
standard for navigation and basic surveillance of gastrointestinal mucosa, but NBI and 
CLE will act as a supplementary tool for early analysis and detection of precancerous 
lesions of the gastrointestinal system.   
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